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(57) An optical head including a light source for 
emitting luminous energy recordable on a recording me- 
dium, a heat radiating section, in contact with the light 
source, for radiating heat which accompanies the light 
emission thereof, and a resin-made bench for mounting 
and fixing the aforementioned elements, or an optical 
head having a light source for generating luminous en- 
ergy required for recording on a disk-shaped information 
recording medium or reproducing information recorded 
on the disk-shaped information recording medium; a ra- 
diator plate, in contact with the light source either direct- 
ly or indirectly, for guiding heat which accompanies the 
emission of light by the light source; an objective lens 
which is a condenser for focusing light on the disk- 
shaped information recording medium; an objective lens 
drive unit for driving the objective lens in the focal and 
radial direclion of the disk-shaped information recording 
medium; a light receiving element for receiving light re- 
flected from the disk-shaped information recording me- 
dium; a sheet-shaped flexible circuit for feeding power 
to the light source and the light receiving element and 
communicating signals from the light receiving element; 
and an optical bench holding at least the light source, 
the objective lens drive unit, the radiator plate and the 
light receiving element, 

in which the radiator plate is brought into contact 



with a heat transfer section provided in the flexible circuit 
and, by causing the flexible circuit to guide heat from the 
radiator plate, heat generated by the light source is ra- 
diated through the flexible circuit and the radiator plate. 

Fig. I 
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Technical Field 



Background Art 
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used : there is the problem that the temperature rise of the light emitting section shortens the service life of the semi- 
conductor laser. 

[0015] Moreover, when the temperature of the semiconductor laser rises, the amperage required to emit the same 
optical power also increases, entailing the problem of increased power consumption. 
5 [0016] Furthermore, in a recording type optical head, the semiconductor laser is caused to emit light under high- 
frequency superimposition to reduce noise due to returning light. 

[0017] However, a configuration of the optical head using a resin-made bench also involves the problem that the 
ground of the optical head consists only of a flexible wiring board connected to an external circuit, and can be provided 
with no firm grounding. 

w [001 8] Another example of the disk recording/reproducing apparatus according to the prior art will be described below. 
[0019] Figures 26, 27, 28, 29, 30 and 31 are schematic configurational diagrams of its optical head according to the 
prior art and diagrams for describing its operating principle. 

[0020] Figure 26 shows an exploded perspective view of the optical head. Reference numeral 109 denotes an inte- 
grated unit, part of which is illustrated in Figure 30. Reference numeral 134 denotes a flexible circuit shown in Figure 
15 27. Figure 28 illustrates a state in which the flexible circuit 134 is fitted to the integrated unit 109. Figure 32(a) shows 
an exploded perspective view, and (b), an overall perspective view of the optical head. 

[0021] Herein, reference numeral 101 denotes a silicon substrate; 102, a semiconductor laser fixed over the silicon 
substrate 101 ; 3, a multi-divided light detector formed by an IC process over the silicon substrate 101 ; 104, a radiator 
plate for holding the silicon substrate 101 in a thermally conductive state via silver paste; 1 05, a terminal wire-connected 
20 from the multi-divided light detector by wire bonding or the like; and 106, a resin package for holding the silicon substrate 
1 01 , the radiator plate 104 and the terminal 105. 

[0022] Figure 31 shows the optical configuration of the optical head. Reference numeral 107 denotes a hologram 
element (diffraction grating) formed of resin; and 1 08, a composite element composed of a beam splitter 1 08a, a folded 
mirror 108b and a polarizing-separating element 108c. 
25 [0023] What is integrally configured of the elements denoted by 1 01 through 1 08 above is defined to be the integrated 
unit 109. 

[0024] Reference numeral 110 denotes a reflector mirror; 111 , an objective lens fixed to an objective lens holder 112; 
1 13, a photomagnetic recording medium having a magneto-optic effect; 114, an objective lens drive unit for driving the 
objective lens in the focusing and radial directions of the photomagnetic recording medium 113; and 115, a base con- 
30 stituting a component element of the objective lens drive unit 114. The objective lens drive unit consists of parts denoted 
by 111, 112 and 115. 

[0025] Reference numeral 116 denotes a metallic optical bench; 117, a light spot, formed on the multi-divided light 
detector 1 03, for detecting a focusing error signal; 1 1 8, a light spot, formed on the multi-divided light detector 1 03, for 
detecting a tracking error signal; 119, a main beam (P polarized light) formed on the multi-divided light detector 103; 

35 120, a main beam (S polarized light) formed on the multi-divided light detector 103; 121, a focusing error signal light 
receiving area; 1 22 and 1 23, tracking error signal light receiving areas; 1 24, an information signal light receiving area; 
125, a subtractor; 126, an adder; 127 and 128, focuses of the focusing error signal detecting light spot; 130, a light 
spot formed on the photomagnetic recording medium 113; 131, an adhesive; 132, a radiator plate; 133, optical head 
cover; 134, a flexible circuit; and 129, a radiator hole for inserting a radiator plate 132 configured in the flexible circuit 

40 134. 

[0026] The reflector mirror 110 is fixed to the optical bench 116. The terminal 105 of the integrated unit 109 is fixed 
to the flexible circuit 1 34 by soldering (the part of the flexible circuit 1 34 in which a hole 1 29 is bored as shown in Figure 
27 is folded downward as shown in Figure 28(a); the radiator plate 1 32 is fitted into a space S formed by that folding; 
and a plate spring part which the radiator plate 132 has penetrates the radiator hole 129 to come into contact with the 
45 radiator plate 104). 

[0027] After that, It is inserted into the optical bench 116, and both ends of the radiator plate 132 are fixed to the 
optical bench 116 as illustrated in Figure 10. 

[0028] In this way, it is tacked by the application of a preload by the radiator plate 132 in the Z direction (the direction 
of the optical axis), and the fixing of the optical bench 116 and the resin package 106 by adhesion results in fitting and 
so fixing of the integrated unit 109 into the optical bench 116. 

[0029] As a result, the dimensions of the optical bench 1 1 6 are so determined that the light receiving surface of the 
multi-divided light detector 103 be positioned between the focuses 127 and 128 of the light spot in the Z direction (the 
direction of the optical axis). 

[0030] On the other hand, the semiconductor laser 102 is fixed to the silicon substrate 1 01 in a thermally conductive 
55 state by soldering or otherwise and wire-connected onto the multi-divided light detector 1 03 by wire bonding. 

[0031] The multi-divided light detector 103 is fixed to the radiator plate 104 in a thermally conductive state via silver 
paste, and heat generated by the semiconductor laser 102 is transmissive to the radiator plate 104 via the silicon 
substrate 1 01 . The multi-divided light detector 1 03 and the terminal 1 05 are wire-connected by wire bonding, and the 
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terminal 105 is soldered onto the solder part of the flexible circuit 134. 

5 0 J? 21 k " eat accom P an y in 9 the light generation of the semiconductor laser 102 is transmitted to the radiator plate 

rnn™ ,S 0001301 With ,he radiat ° r P,atE 1 ° 4 ' and radiated ^ the metallic °P tical bencn 116 
fnn^l J t operat,on of the example of the prior art configured as described above will be explained below. 

SSnSit-i 8 ? e ^ d J r ° m thG semiconductor laser 1 °2 is reflected by an edged mirror (reflector mirror) formed over 
the mult.-div.ded hght detector 103 by etching or otherwise with its optical axis varied by 90 degrees. The light reflected 
n^ilf, 5! m ' rr ° r " se P arated int0 a P |uralit V of Cerent luminous fluxes by the hologram element 107 
Z L-tLTl** ° f fl differem luminous fluxes are transmitted by the beam splitter 1 08a of the composite element 
08 reflected by the reflector mirror 110, and condensed by the objective lens 111 fixed to the objective lens holde 
InoL, * G , 9 SDOt 130 ° f ab0Ut 1 micron in diam eter on the photomagnetic recording medium 113 
0036] A luminous flux reflected by the beam splitter 1 08a of the composite element 1 08 comes into incidence on a 
SSTT 9 ^ l3Ser monitorin 9 < not shown > t0 cont rol the drive current for the semiconductor laser 102 
[0037] The hght reflected from the photomagnetic recording medium 113 travels over a reverse route is reflected 

and separated by the beam splitter 1 08a of the composite element 1 08, comes into incidence on the folded mirror 1 08b 
and the polanzmg-separating element 108c, separated into mutually orthogonal luminous fluxes having two polarized 
light components, and comes into incidence on the information signal light receiving area 124 
ESS i n« Ut ° f re " e ° ted ,i9ht fr ° m thS P hot ° ma gnetic recording medium, the luminous flux transmitted by the beam 
splitter 1 08a is separated into a plurality of different luminous fluxes by the hologram element 1 07, and condensed into 
the focusing error signal light receiving area 121 and the tracking error signal light receiving areas 122 and 123 Focus 

rnn™ S Dy SS ° meth ° d ' and trackin9 servo ' b * the push-pull method. ' 

[0039] Further, by computing the difference between the main beam 1 1 9 consisting of the P polarized light and the 

Z a*mZn«», hT? 9 °' T S P0 ' ariZed ,i9ht ' * iS made P ° SSible t0 deteCt Photomagnetic <L information signals 
l * ren ,al detectln 9 meth od- Further by adding them, detection of prepit signals is made possible 
[0040] In the optical head configured as described above, in orderto obtain desired detection signals with the reflected 
hght from the photomagnetic recording medium 1 2, the relative positions of the semiconductor laser 1 02, the objective 
kwk ! multi-divided light detector 1 03 are adjusted at the time of assembly. Referring to Figures 32(a) and 

b), the adjustment of the focusing error signal and the tracking error signal is accomplished by shifting the objective 

he £ZT*fZ I" Y X dir6Cti0nS WhMe h0 ' din9 the base 115 ** an exte ™' * (not shown) so as to a j 
,„ r«L , P ? aCk ' n9 err ° r Signal ,ight r^eiving areas 1 22 and 1 23 to be substantially equal 

TV L Thls . adjustment eventually serves to align the center of the objective lens 1 1 1 with respect to the center of 
the light emitting axis of the semiconductor laser 1 02 as shown in Figure 26 

«°nH 4 t 2 h 0 ,2" t J° T 6 ' nd ' the adjustment of the relative inclinations of the photomagnetic recording medium 113 
T.t^J i I ? ,s aCCOmp,ished by Carrving out skew adjustment OR in the radial direction (around the Y 

int , T « adjustments, with the adjustment kept as it is, the base 115 is adhered and fixed to the 

optical bench 1 1 6 using the adhesive 131. 

ESSL 'IhI f0re9Oi ? 9 ^'i 16 f °° USin9 en "° r Si9nal and the tracking error signal are ad j uste °. and skews are 
adjusted, and four points are adhered and fixed to complete the optical head 

wiSfSe ^fn^Z^T COnf !? Urati ° n according 10 the P ri °r a ^ however, as the radiator plate 1 32 is in contact 
wrth the rad.ator plate 104 by having rts plate spring part penetrate the hole 129, it is difficult to achieve high-precision 
mterplanar contact between the radiator plate 1 32 and the radiator plate 1 04 prec.s.on 
[0045] As a consequence, even if the optical bench 1 1 6 is made of metal, the contact is only point to point or line to 
line resulting in serious deterioration in heat transfer efficiency and heat radiation efficiency. The prior art therefore 
rad^oVlV^Th 1 " 31 ^"^ 6 a T 6n m ° re P ° WerfUl ' aSer te USed " heat radiation Penance is insufficient if heat 
raaiafor ptete 1 04 0 6 Whi ° n 6nhances the heat transfer efficienc V of the radiator plate 132 and the 

E .. °/ t Wher !. lhe optical bench 1 1 6 is made of resin, as the heat generated by the semiconductor laser 1 02 when 
it em s light .s radiated only by the radiator plate 1 32 via the silicon substrate 1 01 and the radiator plate 1 04 both the 

ZmIITJ e 7?? e and t , he radiati ° n efficiency are e ^remely poor, inviting a temperature rise in the semicon- 
ductor laser 102 itself, resulting ,n the problem that the drive current increases, the recording/reproduction time is 
seriously deter.orated by an increase in current consumption under drive by a battery, and it is made difficult to save 
the power consumption of the optical head. 
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Disclosure of the Invention 



[0047] The present invention is intended, in view of the above-described problems with the prior art to provide an 
optical head capable of substantially enhancing heat radiation efficiency. ' 
[0048] The present invention according to claim 1 is an optical head comprising- 
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a light source for emitting luminous energy recordable on a recording medium, 

a heat radiating section, in contact with said light source, for radiating heat which accompanies the light emission 
thereof, and 

a resin-made bench for mounting and fixing said elements. 

5 

[0049] This has an effect to enable the heat generated by the light source to escape from the heat radiating section 
in contact with the light source, to restrain the temperature rise of the light source, thereby extending the service life 
of the semiconductor laser and at the same time, through the lowering of the semiconductor laser temperature, to 
reduce the operating current and accordingly the power consumption. 
w [0050] The present invention according to claim 2 is the optical head as described above, characterized in that said 
resin-made bench and said heat radiating section are formed by integral molding, and a part of said heat radiating 
section is exposed to space. 

[0051] This enables the heat generated by the light source to escape from the heat radiating section in contact with 
the light source, to restrain the temperature rise of the light source, thereby extending the service life of the semicon- 
'5 ductor laser and at the same time, through the lowering of the semiconductor laser temperature, to reduce the operating 
current and accordingly the power consumption. Also, its integrated formation has another effect to facilitate the pack- 
aging work. 

[0052] The present invention according to claim 3 is the optical head as described above, characterized in that a 
threaded part is formed in said heat radiating section, one end of said heat radiating section is in contact with the back 
20 surface of said light source, tightening by said threaded part causes the end of said heat radiating section to support 
said light source, and 

a part of said heat radiating section is exposed to space. 
[0053] This has an energizing effect to fix the light receiving/ emitting element from behind and at the same time a 
heat radiating effect. 

25 [0054] The present invention according to claim 4 is the optical head as described above, characterized in that one 
end of said heat radiating section is in contact with the back surface of said light source and the other end of same 
has a guide section which is in contact with a shaft supporting said optical head. 

[0055] This enables the heat generated by the light source to escape from the heat radiating section to a shaft, further 
gives a heat radiating effect, thereby making it possible to extend the service life of the semiconductor laser and at the 
30 same time to reduce the operating current and accordingly the power consumption. Furthermore, the ground of the 
light source is dropped to the shaft through the heat radiating section to give firm grounding, thereby exerting an effect 
against unnecessary radiation. 

[0056] The present invention according to claim 5 is the optical head as described above, characterized in that one 
end of said heat radiating section is in contact with the back surface of said light source and the other end of same 

35 has a spring section for suppressing a shaft supporting said optical head. 

[0057] This makes it possible to eliminate the play of the resin-made bench and the shaft, resulting in an effect to 
ensure stable operation even in an environment where there is much vibration, such as when mounted on a vehicle. 
[0058] The present invention according to claim 6 is the optical head as described above, characterized in that one 
end of said heat radiating section is in contact with the back surface of said light source and the other end of same 

40 has an engaging section which engages with a threaded shaft for supporting and shifting said optical head. 

[0059] As this results in combined use by the heat radiating section of a member engaging with the shaft, there is 
an effect to help reduce the number of parts. 

[0060] The present invention according to claim 7 is an optical head comprising: 
a light source for emitting luminous energy recordable on a recording medium, 

a heat radiating section, in contact with said light source, for radiating heat which accompanies the light emission 
thereof, 

a resin-made bench for mounting and fixing the aforementioned elements, and 
a magnetic head mechanism for applying magnetic field-modulation signals, wherein 
so one of said heat radiating section is in contact with the back surface of light source and the other of same is in 

contact with a metallic member of said magnetic head mechanism. 

[0061 ] This provides a head radiation effect by letting the heat escape from the heat radiating section to the magnetic 
head, thereby making it possible to extend the service life of the semiconductor laser and at the same time to reduce 
55 the operating current and accordingly the power consumption. 

[0062] Another aspect of the present invention is an optical head comprising a light source for generating luminous 
energy required for recording on a disk-shaped information recording medium or reproducing information recorded on 
said disk-shaped information recording medium; a radiator plate, in contact with said light source either directly or 
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objective lens in the focal and radial dJLJ^^S^S^S^^ ^ect^e lens drive unit for driving said 
elementfor receiving light reflected from said Xk ihanllnfl ? ,nfo ^t,on recording medium; a light receiving 
for feeding power * said lights^ 

ceiving element; and an optical bench holing Sk^awtJ? Ztt C ° mmunicatin 9 ^* 'rem said light re- 
plate and said light receiving element wherein- 9 ' *** ° bJeC " Ve ' enS drive unit ' said r ^iator 

-sin?^ provided in said flexible cireu« and, by 

said flexible circuit and said radia^ 

fuS/eTe^ 

recorded on said disk-shaped informal riSno ZlZ T J ? T^'" 9 mediUm ° r re P roduci "9 information 
directly or indirectly, for guying he™wTh ^TLnSZ' ' ? ^ C ° ntaCt Wit " Said n 9 ht source ^ther 

which is means for focusing light on m?S52S3S T^' 0 " ° f " 9ht by Said ligh ' Source; an ^^e lens 
driving said objective lens in ri^^ d ^S^™^ d 'S2 ,n » m; a " '«» drive unft for 

receivingelement for receiving light reflected mm S^lTl^'f^ mfom,ation recordin 9 medium, a light 
flexible circuit for feeding power and communSno^n^" t P h n ' 0miat,on recordin 9 medi "m; a sheet-shaped 
thermaily conductive hea, transfer m^bTanTp 2lZ2 tor hi 9 m"^ ^ Said " 9ht M0Blwh 8 e,eme ^ a 
» drive unrt, said radiator plate, said light receivTn S a^S T *" I! 9 "' " 0W "** ° bjeClive ,ens 
optical head cover fixed to said optical bench whereTn and 9 therma,, y conductive 

member 12£ ^hT^T^ijSj S TT ^ ^ — ^ Said haa < 

said optica, head cover with each oLr heat gtneS bv JS EX* ' nto . eon ?* Said heat tra "^ member and 

25 set r cover - said heat transfer m^^^^ffsr ,s rad,a,ed by said ii9ht source throu9h 

fuminL^gJ Cre e dr o ™ 9 r a e l^^ head c omprising . light ^ for 

recorded on said disk-shaped information refine mTd! m a 12 ™hT 9 0r re P roducin 9 information 

for guiding heat which accompanies the emS oTLnt bv safd ««ht 9 SeCt ' 0n ' ^ With Said '^source, 
focusing light on said disk-shaped informal™ record nJE2,™ , «". BO " , ° e: a " ° bj6Ctive lens which is for 
lens in the focal and radial M^^^^^SZ^ ' T * *** f ° r driVin9 Said 
receiving light reflected from said disk sh£« SoSSfn r^T T^'" 9 m6diUm; 8 "' 9ht r6Ceivin 9 eleme "t for 
powerto said light source andsaidfghfS 
a them.ally conductive heat trance 9 me^ 

drive unit, and said heat transfer mJS^SS'EJ ZStlXST * ' i9 , ht S ° TO Said ° bj6C,iV6 ' 6nS 
ductive optica, head cover fixed to said opiical bench wlKn 9 ~ e ' Vln9 e ' ement; a " d 3 therma,| y co "" 

said ^^^^^^^^^T^ ^7 P™«<* aa " «■"*. circuit to cause 
optical head cover, said flexible c cult and T^Z^ T^^ by S8id ' ight SOurce is radiated through said 
said flexible circuit and sa^Z^T^^Z^^T^ T T*" M,d h63t transfer s ~ tion * 
brought into contact with each* wustlaW heatTansfe mimhlff "ST T* heat transfer member are 

'^contact said heattrans^^ 

OuSfl T U9h S3id ° PtiCal h6ad C0Ver and said heal tnX mem b " 9enerat6d ^ "* S0UrCe 

mation recording medium orV^Tl^SSSSJo^S 7?? "V*^^ 0n a d isk-shaped infor- 
radiator plate, in contact with said light souZSer^^or TJ? f ^ lnf0rmation recordi "9 medium; a 
emission of light by said light source a liZ ^o XZl ^ 9Uidi " 9 h6al Which a «=ompanies the 

mation recording medium'a sheet-sh'p^bS ^ ^ disk " sha P ed 

element and communicating signals from , saw M^ rllill , ° P , ° Sa,d ' ight S ° UrCe and said »9 M receivi "9 
source, said radiator piate and said light^eMnfe Ie3 and ^ = T ° PtiCa ' be " Ch f ° f h °' din 9 at tea ^ «*• «9l« 
optical bench, 9 rece,vm 9 elem ent, and a thermally conductive optical head cover fixed to said 

wahe^e^ 

transfer member of said flexible dSSS^SSSSSi rad.ator plate and, by bringing into contact the.heat 
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head by rotating in the radial direction of said disk-shaped information recording medium, and 

said optical head cover and said feed nut are either integrally configured or brought into contact with each other 
in a thermally conductive state thereby to transfer heat generated by said light source and transferred to said optical 
head cover to said feed screw through said feed nut and to radiate it. 
5 [0066] Further, another aspect of the present invention is an optical head feed apparatus for feeding an optical head, 
said optical head having a light source for generating luminous energy required for recording on a disk-shaped infor- 
mation recording medium or reproducing information recorded on said disk-shaped information recording medium; a 
radiator plate, in contact with said light source either directly or indirectly, for guiding heat which accompanies the 
emission of light by said light source; an objective lens which is means for focusing light on said disk-shaped information 

10 recording medium; an objective lens drive unit for driving said objective lens in the focal and radial direction of said 
disk-shaped information recording medium; a light receiving element for receiving light reflected from said disk-shaped 
information recording medium; a sheet-shaped flexible circuit for feeding power and communicating signals to said 
light source and said light receiving element; a thermally conductive heat transfer member; an optical bench for holding 
at least said light source, said objective lens drive unit, said radiator plate, said light receiving element and said heat 

15 transfer member; and a thermally conductive optical head cover fixed to said optical bench, 

said radiator plate and said heat transfer member are brought into contact with each other, said heat transfer 
member is caused to guide heat from said radiator plate and, by bringing into contact said heat transfer member and 
said optical head cover with each other, heat generated by said light source is radiated by said light source through 
said optical head cover, said heat transfer member and said radiator plate, 

20 characterized in that said optical head feed apparatus comprises a feed nut fixed to said optical head cover and 

having thermal conductivity; and a thermally conductive feed screw, fitted into said feed nut, for driving said optical 
head by rotating in the radial direction of said disk-shaped information recording medium, and 

said optical head cover and said feed nut are either integrally configured or brought into contact with each other 
in a thermally conductive state thereby to transfer heat generated by said light source and transferred to said optical 

25 head cover to said feed screw through said feed nut and to radiate it. 

[0067] Further, another aspect of the present invention is an optical head feed apparatus for feeding an optical head, 
said optical head having a light source for generating luminous energy required for recording on a disk-shaped infor- 
mation recording medium or reproducing information recorded on said disk-shaped information recording medium; a 
radiator plate, in contact with said light source either directly or indirectly, for guiding heat which accompanies the 

30 emission of light by said light source; an objective lens which is means for focusing light on said disk-shaped information 
recording medium; an objective lens drive unit for driving said objective lens in the focal and radial direction of said 
disk-shaped information recording medium; a light receiving element for receiving light reflected from said disk-shaped 
information recording medium; a sheet-shaped flexible circuit for feeding power and communicating signals to said 
light source and said light receiving element; a thermally conductive heat transfer member; and an optical bench for 

35 holding at least said light source, said objective lens drive unit, said radiator plate, said light receiving element and 
said heat transfer member, 

characterized in that said optical head feed apparatus comprises a thermally conductive feed nut; and a thermally 
conductive feed screw, fitted into said feed nut, for driving said optical head by rotating in the radial direction of said 
disk-shaped information recording medium, and 
40 said heat transfer member and said feed nut are either integrally configured or brought into contact with each 

other in a thermally conductive state thereby to transfer heat generated by said light source and transferred to said 
heat transfer member to said feed screw through said feed nut and to radiate it. 



45 



Brief Description of Drawings 
[0068] 



Figure 1 is a schematic view of an optical head according to Embodiment 1 -1 of the present invention; 

Figure 2 is a schematic view of an optical head according to Embodiment 1-2 of the invention, 
50 Figure 3 is a schematic view of an optical head according to Embodiment 1 -3 of the invention; 

Figure 4 is a schematic view of an optical head according to Embodiment 1-4 of the invention; 

Figure 5 is a schematic view of an optical head according to Embodiment 1 -5 of the invention; 

Figure 6 is a schematic view of an optical head according to Embodiment 1-6 of the invention; 

Figure 7 is a schematic view of an optical head according to the prior art; 
55 Figure 8 is a graph of the junction temperature in a semiconductor laser; 

Figure 9 is a schematic exploded perspective view of the optical head pertaining to Embodiment 2-1 of the invention ; 

Figure 10 consists of schematic partial expansion plans of a flexible circuit pertaining to Embodiment 2-1 of the 

invention; 
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Figure W^S^^T^^ ° f inte9rat6d Unit Pining to Embodiments of the invention 

Figure 3 Sns is s ^"T ° f a " ° ptiCal head pertai ™9 «° Embodiment 2-1 of the indention: 

toZe^ZLInTe^T QramS Sh0Wm9 ^ C ™^°» ° f - °P«-. head pertaining to Em 

sToTthe t^SST* " "* ™ e ™*™^ dement of the optica, head pertaining to Embodiment 

fKS ::srf par f H s r ion of an opticai head pertainin ° <° ^odin^ 

Sure S S « -h 6 ™!* eXP '° ded pen5pective view ° f a " <>P«cal head according to the prior art 
Figure 27 ,s a schematic expansion plan of a flexible circuit of the optical head according to the orior «rt- 

fZl S COn£ T ° f P3rtial SeCti ° nS ° f thS ° ptiCal head a^rding to "e S Irt ' 

F.gure 32 consists of schematic diagrams illustrating a method to adjust the optica, head according to the prior art. 
Description of Symbols 
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Optical disk 



Light receiving/emitting element 

3 Mirror 

4 Objective lens 

4Q * Objective lens actuator 

6 Magnetic head 

7 Resin-made bench 

?b Reference sections a and b of resin-made bench 

45 7H h! 9ht recelvin 9/emitting element fixing section of resin-made bench 7 

0 0 . M,rror fK| ng section of resin-made bench 7 

8a > 80 Shafts 

9 Flexible wiring board 

10} 12 Radiator blocks 



so u 



13 « 14 > 15 Radiator spring 



Radiator screw 



10a, 12a, 13a, 14a, 15a Contacting sections 

1 0b Heat radiating section 

12b Guide section 

13b Spring section 
55 14b 



15b 



Engaging section 
Fixing section 



101 Silicon substrate 

1 02 Semiconductor laser 
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Heat transmissive material 
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GND line 
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Heat transfer terminal 
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Feed nut 
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Fitting section 
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Feed screw 
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Bearing 


45 


147 


Mechanism chassis 



Best Mode for Carrying Out the Invention 

[0070] Embodiments of the present invention will be described below with reference to drawings. 

50 

(Embodiment 1-1) 

[0071] The configuration and operation of Embodiment 1-1 of the invention will be described below with reference 
to a plan and a sectional view in Figure 1 . 
55 [0072] In Figure 1 , reference numeral 1 denotes an optical disk (not shown in the plan); 2, a light receiving/emitting 
element configured as a single device mounted with a semiconductor laser chip, which is a light emitting section for 
emitting a laser beam inside as well as an optical signal detecting section for receiving a beam resulting from the 
reflection of this laser beam from the optical disk 1 and detecting various information signals; and 3, a mirror for letting 



BNSDOCIO: <EP 1 148482A1_I_> 



10 



15 



30 



35 



EP 1 148 482 A1 

[Soyr'R^T^ ^ element 2 to the optical disk 1 . 

by the aS^JZZXS^J^ le Vr Sh ° Wn ^ P ' an) f ° r the b — ^ected 

the p,an, for lettingThe objS SL m 4 00^^^^ I *T "S * M 0bjeCtiVe ' enS aCtUator < not sh °™ 
[0074] Reference num^t V eccentr,c,t y and/ °r surface oscillation of the optical disk 1 

fs a rlrSaT^^ h " a ">. for «■*•"■. where the' opiaf oilk 1 

section for fixing the magnetic head 6 ,0 a ' eld - modulaled ^"9; 6a, a fitting 

™"n^; ? a and 7b, reference se^^^^ be " Ch °" Which ,hese P arts » 

emitting element fixing section to which the S r^vinn^ ' nSerted ' resDective| y: 7c . a "9* receiving/ 

section to which the mlrrorS is to be fixed —B'—g e.ement 2 is to be fixed; and 7d. a mirror fixing 

integraHy with the resin-made bench 7 V d ' at,n9 SeCt '° n 10t> 81 the other end ' and * formed 

EefLTbirS 

feed from the flexible wiring boaTdTdril^ h^K . ^ 9 e ' ement * 1 ° emit 9 ,aser beam and ' simi ' a "y. Power 
light spot in a presc^T^ZZ Z ;X^T ° ^ ^ ^ -» 4 10 f °™ a ™^ 

optical disk 1 is used, the light recetvTn Xnto no 2^nt 9 ? 9V ^ the ° ptical disk 1 " Where a recordable 

blocktOin contact w*hte^ via the radiator 

contact with the back surface of the light ISwvSnn l l "?' at0r P ' at6 (6 mm x 6 mm) is brou 9ht into 

heat radiating effect of this embodiment ^ 9 ^ th ' S embodiment This 9^" reveals the excellent 

S3 -duc^ — * the - b6nCh 7 iS made ° f a « P- 
optical head capable of r 6s tr^ 7^1 I"™ accom P'*h satisfactory heat radiation , resultinq in an 

of the semiconductor laser 272 the saTe ttie Z.l tn T^*" ,aser . ^eby extending the service life 

reduce the operating current 1*2^ " *" ™ bondu ^ ^ * 

(Embodiment 1-2) 
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50 
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s, E ^r,r,tr..o^^^^^^ 

b. oonllowed at low cos,' K " " * ™ ™ "»'"•"»*> ^onol. 7 and ih. hoot Mating section can 



(Embodiment 1-3) 
[0087] 



The configuration and operation of Embodiment 1 -3 of the invention wi.l be described below with reference 
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to a plan and a sectional view in Figure 3. 

[0088] In Figure 3, all the constituents denoted by reference numerals 1 through 9, including those having suffixes, 
are the same as their respective counterparts in Figure 1 , and their functions and operations are also the same. 
[0089] The difference from Figure 1 is that, instead of the radiator block 1 0 in contact with the light receiving/emitting 
5 element 2, there is used a radiator block 12 having a configuration in which a contacting section 12a is brought into 
contact with the back surface of the light receiving/emitting element 2 and a guide section 12b bears the shaft 8b. 
[0090] Also, as in Embodiment 1 -1 , the flexible wiring board 9 is mounted with a high-frequency superimposing circuit 
(not shown) to reduce noise due to returning light from the optical disk 1 . 

[0091] As described above : this embodiment, in addition to the excellent advantages described in respect of Em- 
io bodiment 1-1 , has the following advantages. 

[0092] That is, it is possible to transmit the heat generated in the light receiving/emitting element 2 from its back 
surface to the radiator block 12 and to radiate it to the shaft 8b, made of a metal having a high heat conductivity, from 
the guide section 12b, resulting in an optical head even more effective in heat radiation than in Embodiment 1-1 or 
Embodiment 1-2. 

'5 [0093] Furthermore, since the back surface part, in contact with the radiator block 12, of the light receiving/emitting 
element 2 constitutes the ground electrically, this means that the shaft 8b is grounded via the radiator block 12, and 
accordingly there is provided an optical head that can easily provide against unnecessary radiation from the high- 
frequency superimposing circuit. 

20 (Embodiment 1-4) 

[0094] The configuration and operation of Embodiment 1-4 of the invention will be described below with reference 
to a plan and a sectional view in Figure 4. 

[0095] In Figure 4, all the constituent elements denoted by reference numerals 1 through 9, including those having 
suffixes, are the same as their respective counterparts in Figure 1, and their functions and operations are also the 
same. The difference from Figure 1 is that, instead of the radiator block 10 in contact with the light receiving/emitting 
element 2, a radiator spring 13 so configured as to be in contact with the back surface of the light receiving/emitting 
element 2 by a contacting section 13a and with the shaft 8b by a spring section 1 3b is used. 

[0096] Also, as in Embodiment 1 -1 , the flexible wiring board 9 is mounted with a high-frequency superimposing circuit 
30 (not shown) to reduce noise due to returning light from the optical disk 1 . 

[0097] As described above : this embodiment, in addition to the excellent advantages described in respect of Em- 
bodiment 1-1 , has the following advantages. 

[0098] Thus, it is possible to transmit the heat generated in the light receiving/emitting element 2 from its back surface 
to the radiator spring 13 and to radiate it to the shaft 8b, made of a metal having a high heat conductivity, resulting in 
35 an optical head even more effective in heat radiation than in Embodiment 1-1 or Embodiment 1-2. 

[0099] Furthermore, as in Embodiment 1 -3, since the shaft 8b can be grounded via the radiator spring 13, there is 
provided an optical head that can easily provide against unnecessary radiation from the high-frequency superimposing 
circuit. 

[01 00] Also, it is possible to eliminate play components due to dimensional errors with the spring section 1 3b of the 
40 radiator spring 1 3, there is provided an optical head highly resistant to vibration. 

(Embodiment 1-5) 

[0101] The configuration and operation of Embodiment 1-5 of the invention will be described below with reference 
^ to a plan and a sectional view in Figure 5. 

[0102] In Figure 5, all the constituents denoted by reference numerals 1 through 7, 8b and 9, including those having 
suffixes, are the same as their respective counterparts in Figure 1 , and their functions and operations are also the same. 
[01 03] The differences from Figure 1 are that a feed screw is formed on the shaft 8a, and that there is used a radiator 
spring 1 4 so configured as to be in contact with the back surface of the light receiving/emitting element 2 by the con- 
tacting section 14a and to be engaged with the threaded part of the shaft 8a by the engaging section 14b. 
[01 04] Also, as in Embodiment 1 -1 , the flexible wiring board 9 is mounted with a high-frequency superimposing circuit 
(not shown) to reduce noise due to returning light from the optical disk 1 . 

[0105] As described above, this embodiment, in addition to the excellent advantages described in respect of Em- 
bodiment 1-1, has the following advantages. 
5 5 [01 06] Thus, it is possible to transmit the heat generated in the light receiving/emitting element 2 from its back surface 
to the radiator spring 14 and to radiate it to the shaft 8a, made of a metal having a high heat conductivity, resulting in 
an optical head even more effective in heat radiation than in Embodiment 1-1 or Embodiment 1-2. 
[0107] Furthermore, as in Embodiment 1-4, since the shaft 8a can be grounded via the radiator spring 14, there is 
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S£S^ljXr d ' hat Pr ° Vide meaSUr6S UnneCeSSafV M ° n <™ "» "^-frequency 

f.n 1 th 81 ^ IS , 0 ' 88 80 en9agin 9 section 1 4b to co "vert the rotational force of the shaft 8a into a linear motion is ionrioH 

(Embodiment 1-6) 

Js^tsssrsrr.srr" numera,s ' ,hrough * - — — ■ 

£1 2 L" * em '" ai '" e " t ' "» « ~n in „e abseno, „, , ne objedve „n s and m. object 

[01 1 5] Incidentally although the magnetic head 6 is present in Embodiments 1 -1 through 1 -6 because ootical h^rtc 
cordable opt.ca. heads ,n systems hav.ng no magnetic head 6, such as phase change or organic pigment opt J disk 

30 a?rSn<rnf rt th er 'f th0U9h '? ° bjeCtiVe ' enS 8CtUat0r 5 iS 3 S °- cal,ed biaxial actuat °r and driven in two different axial 
S Zl«r 9 d,reCt '° n tfaCkin9 dir6Cti0n emb ° diment ' the ■"—•« inventionls notlTd 

E£ b^SST' aCC ° rd,n9 t0 inV6nti0n ' ^'"^ b6nCh and the heat radiati ^ —ber are 
35 Krradiato^b.^'T^ ^ m t perature of the semiconductor laser to be prevented from rising by radiating heat from 

40 l V 1 ?l Furt , nermore - il is Possible to drop grounding to the shaft through the heat radiatina section r^.,»i„o ,n a „ 
SSi %f V 'T'" 6 meaSUr6S a9ainSt «•"•«■—* -iatlon from tJt^^l^Si^^S 
2 7 h,S ^ 11 P ° SSible t0 improve radiation effectiveness with a resin-made L^SSZl^Li the 

^SS^jT i T SM t ! aMr can be prevented f rom rising and the sefvice lite °< ^^tls; 

radfJ.L ^ t herm0re ' 1 , it (S made P ° SSible 10 drop Sounding of the semiconductor laser to the shaft through the heat 
JouTi^^^ 

[0122] Next, another aspect of the present invention will be described with reference to drawings. 
(Embodiment 2-1) 

5J2 Embodiment 2-1 of the invention will be described below with reference to drawings 

meatLd unT a „H 6XP A° d ! d Perspective view of the optical head, wherein reference numeral 109 denotes an 
To add lurl' T ■ Sh ° WS 3 P3rt ° f " ReferenCS nUmeral 134 de "otes a flexible circuit shown in Rgure 10 
To add. F.gure 12 .llustrates a state in which the flexible circuit 134 is fitted to the integrated unlMOB Ffa « «... 

of^f^ 
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[0125] Herein, reference numeral 1 01 denotes a silicon substrate; 102, a semiconductor laser fixed over the silicon 
substrate 101 ; 103, a multi-divided light detector formed oyer the silicon substrate 101 by an IC process; 104, a radiator 
plate for holding the silicon substrate 1 01 in a thermally conductive state via silver paste; 1 05, a terminal wire-connected 
by wire bonding or otherwise from the multi-divided light detector; and 106, a resin package for holding the silicon 
5 substrate 1 01 , the radiator plate 1 04 and the terminal 1 05. 

[0126] Figure 13 consists of schematic diagrams of the optical configuration of the optical head, wherein reference 
numeral 1 07 denotes a hologram element (diffraction grating) formed of resin; and 1 08, a composite element configured 
of a beam splitter 108a : a folded mirror 108b and a polarizing-separating element 108c. 

[0127] What is integrally configured of the elements denoted by 101 through 108 above is defined to be the integrated 
io unit 109. 

[0128] Reference numeral 110 denotes a reflector mirror; 111 , an objective lens fixed to an objective lens holder 112; 
113, a photomagnetic recording medium having a magneto-optic effect; 114, an objective lens drive unit for driving the 
objective lens in the focusing and radial directions of the photomagnetic recording medium 113; and 115, a base con- 
stituting a component element of the objective lens drive unit 1 1 4. The objective lens drive unit consists of parts denoted 

is by 111, 112, 115 and so forth. 

[0129] Reference numeral 116 denotes a resin-made optical bench; 117, a light spot, formed on the multi-divided 
light detector 1 03, for detecting a focusing error signal; 1 1 8, a light spot, formed on the multi-divided light detector 1 03 , 
for detecting a tracking error signal; 119, a main beam (P polarized light) formed on the multi-divided light detector 
103; 120, a main beam (S polarized light) formed on the multi-divided light detector 103; 121, a focusing error signal 

20 light receiving area; 122 and 123, tracking error signal light receiving areas; 124, an information signal light receiving 
area; 125, a subtractor; 126, an adder: 127 and 128, focuses of the focusing error signal detecting light spot; 130, a 
light spot formed on the photomagnetic recording medium 12; 131, an adhesive; 133, a metallic optical head cover; 
and 139, a GND potential part. 

[0130] What are denoted by 135 and 136 in Figure 10 are respectively a heat transfer section A and a heat transfer 
25 section B provided in the flexible circuit 134, and 137 denotes a heat transfer line formed of copper foil. 

[0131] What is denoted by 138 in Figure 12 is a contact section formed in a convex shape by pressing or otherwise 
over the optical head cover 1 33. This contact section 1 38, in contact with the heat transfer section B 1 36, is provided 
to transfer heat to the optical head cover 1 33. 

[0132] The flexible circuit 134 is usually configured in a three-layered structure consisting of a base film (of polyimide 
30 or the like), copper foil and cover film (polyimide); either the cover film or the base film has an opening, and the copper 
foil thereby exposed is solder-plated to form the heat transfer section A135 and the heat transfer section B136. Inci- 
dentally, the copper foil to be used as signal line is electrically separated. 

[0133] The reflector mirror 11 0 is fixed to the optical bench 116 by adhesion or otherwise. The integrated unit 109 is 
solder-fixed to the flexible circuit 1 34 by the GND potential part 1 39 of its terminal 1 05 (is varied from the state of Figure 

35 10(a) to that of Figure 1 0(b); i.e. the part in which the heat transfer section B of the flexible circuit 134 is situated is 
folded downward as shown in Figure 10(b)). After that, it is inserted into the optical bench 116. This results in a con- 
figuration in which the radiator plate 104 and the heat transfer section A135 are in contact with each other. 
[01 34] Further, the integrated unit 1 09 is fitted and fixed to the optical bench 1 1 6 by fixing the optical bench 1 1 6 and 
the resin package 106 together by adhesion. 

^0 [0135] As a result, the position of the multi-divided light detector 103 in the Z axis direction (the direction of the optical 
axis), the dimensions of the optical bench 116 are determined so that the light receiving surface lies at about the 
midpoint between the focuses 127 and 128 of the light spot. 

[0136] On the other hand, the semiconductor laser 102 is fixed to the silicon substrate 101 in a thermally conductive 
state by soldering or otherwise and wire-connected onto the multi-divided light detector 1 03 by wire bonding. The multi- 
^5 divided light detector 103 is fixed to the radiator plate 104 in a thermally conductive state via silver paste, and heat 
generated by the semiconductor laser 1 02 is transmissive to the radiator plate 1 04 via the silicon substrate 101. 
[01 37] The multi-divided light detector 1 03 and the terminal 1 05 are wire-connected by wire bonding, and the terminal 
105 is soldered onto the GND potential part 139 of the flexible circuit 134 as stated above. 

[0138] As illustrated in Figure 14, the heat transfer section B1 36 of the flexible circuit 134 and the optical head cover 
50 133 are in a state of interplanar contact, and heat accompanying the light generation of the semiconductor laser 1 02 
is radiated by the optical head cover 133 via the heat transfer section A135, heat transfer section B136 and contact 
section 138 of the flexible circuit 134. 

[0139] The operation of Embodiment 2-1 configured as described above will be explained below with reference to 
Figures 13 and 14. 

55 [01 40] Light emitted from the semiconductor laser 1 02 is reflected by an edged mirror (reflector mirror) formed over 
the mufti-divided light detector 1 03 by etching or otherwise with its optical axis varied by 90 degrees. The light reflected 
by the edged mirror is separated into a plurality of different luminous fluxes by the hologram element 107. 
[0141] The plurality of different luminous fluxes are transmitted by the beam splitter 108a of the composite element 
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could further enhance the efficiency of heat transfer. 

[0157] Also, as shown in Figure 9, the thickness of the heat transfer line 137 is smaller than those of the two heat 
transfer sections, and this is intended to facilitate the aforementioned folding of the part to be folded. 
[0158] To add, as the heat transfer line from the radiator plate 104 to the optical head cover 133, instead of the 
5 aforementioned copper foil of the flexible circuit 134, a completely different heat conductive member may as well be 
formed over the front or back side. 

(Embodiment 2-2) 

10 [0159] Next will be described Embodiment 2-2 with reference to Figure 16. This embodiment differs from Embodiment 
2-1 in the configuration in which the contact section between the radiator plate 1 04 and the heat transfer section A1 35 
is filled with solder, creamy solder or a heat transmissive material 140 having oil as the base and blended with powder 
of alumina or the like to increase the area of contact between the radiator plate 1 04 and the heat transfer section A1 35 
and thereby enhancing heat transfer efficiency. 

15 [0160] This configuration makes it possible to further enhance heat radiation performance and to realize an optical 
head with a further saving in power consumption. 

[0161] It goes without saying that a further enhancement In heat transfer efficiency can be achieved by filling the 
space between the contact section 138 and the heat transfer section B136 with a similar heat transmissive material. 

20 (Embodiment 2-3) 

[0162] Next will be described Embodiment 2-3 with reference to Figures 17 and 18. This embodiment differs from 
Embodiment 2-1 in that the radiator plate 104 is set to a GND potential by connecting the GND potential part 139 of 
the terminal 105 and the radiator plate 104 and in the configuration in which heat is transferred by the heat transfer 
25 section B136 to the optical head cover 133 by connecting the GND line 141 of the flexible circuit 134 and the heat 
transfer line 137. 

[01 63] This configuration serves to further expand the heat transfer area and enhance the efficiency of heat radiation. 
[0164] Also, the setting of the optical head cover 1 33 at the GND potential makes possible connection without problem 
even if the optical head feed apparatus is at the GND potential. 
30 [0165] Furthermore, though in Embodiment 2-3 the GND line 141 and the heat transfer line 137 are connected to 
make up the same line, another configuration is also conceivable in which they remain separate lines and another heat 
transfer section equivalent to the heat transfer section B136 is further composed to radiate heat to the optical head 
cover 133. 

35 (Embodiment 2-4) 

[0166] Next will be described Embodiment 2-4 with reference to Figures 19 and 20. This embodiment differs from 
Embodiment 2-1 in that the radiator plate 1 32 is used as an example of heat transfer member according to the invention, 
and the tightness of adhesion between the heat transfer section A135 and the radiator plate 104 is further increased 
40 by preloading (applying pressure) in the direction of the Z axis in the drawing, resulting in enhancement of the efficiency 
of heat transfer. 

[01 67] Incidentally, it goes without saying that the addition of the radiator plate 1 32 to the configuration of Embodiment 
2-1 , 2-2 or 2-3 would serve to further enhance the efficiency of heat transfer. Furthermore, in Embodiment 2-1 , 2-2 or 
2-3 where the radiator plate 132 is added, it is not absolutely necessary for any heat transfer section of the flexible 
45 circuit and the radiator plate be in contact with each other. 

(Embodiment 2-5) 

[0168] Next will be described Embodiment 2-5 with reference to Figure 21 .This embodiment differs from Embodiment 
50 2-2 in that a hole is bored into a part of the heat transfer section A135 to bring a heat transfer terminal 142, provided 
at the tip of the radiator plate 132 having a curved face, into direct contact with the radiator plate 104 so that the heat 
of the radiator plate 1 04 be directly transferred to the radiator plate 1 32 and in that the heat transfer section A1 35, the 
radiator plate 104 and the heat transmissive material 140 are brought into even closer adhesion by preloading by the 
radiator plate 1 32 in the Z direction, resulting in further enhancement of the efficiency of heat transfer and heat radiation 
55 performance. 

[0169] To add, in Embodiment 2-5, the heat transmissive material 140 can be dispensed with. 

[0170] Also, it is possible to further enhance the efficiency of heat transfer by bringing the radiator plate 132 into 

contact with the optical head cover 133. 
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[0171] Further, in another conceivable configuration, as shown in Figure 22, a hole is bored in a part of the base film 
of the flexible circuit 134 to bring the heat transfer terminal 142 of the radiator plate 132 into contact with the copper 
foil of the heat transfer section 1 35. 

5 (Embodiment 2-6) 

[0172] Next will be described Embodiment 2-6 with reference to Figures 23 and 24. This embodiment differs from 
Embodiment 2-1 in that the optical head cover 133, a feed nut 143 and a fitting section 144 are integrally configured 
of sheet metal or the like. In this case, the feed nut 143 is coupled to the optical head cover 133 in a thin part so that 

10 it can have the function of a sheet spring. 

[01 73] Further, a metallic feed screw 1 45 is inserted into a main guide hole bored in the optical bench 1 1 6 and fitted 
with the metallic fitting section 1 44 in a configuration to drive the optical head in the radial direction of the photomagnetic 
recording medium 113 by rotation. This causes heat accumulated in the optical head cover 133 to be radiated to the 
feed screw 145 through the feed nut 143 and the fitting section 144. 

is [01 74] This configuration makes it possible to further enhance the efficiency of heat transfer and that of heat radiation . 
[0175] To add, it goes without saying that while the feed screw 145, which herein is fixed to a mechanism chassis 
or the like by a bearing 146 made of resin or metal, it may as well be fixed to the mechanism chassis without usinq the 
bearing 146. 

[01 76] Also, where the optical bench 1 1 6 is made of metal, it is also possible to radiate heat to the optical bench 1 1 6 
20 and a jack shaft via the optical head cover 133. 

[0177] Furthermore, it goes without saying that, even in an optical head feed apparatus of a configuration in which 
the shaft is inserted into the main guide hole of the optical bench 116 and the feed screw 145 is arranged beside it, it 
is possible to achieve heat radiation by fitting the feed screw 145 and the fitting section 144 of the nut 143. 
[01 78] To add, it is also conceivable not to use the nut 1 43 fixed to the optical head cover 1 33 as in this embodiment, 
and instead to form a nut on the part of the radiator plate 1 32 to perform head feeding. 



25 



(Embodiment 2-7) 

[0179] Next will be described Embodiment 2-7 with reference to Figure 25. This embodiment differs from Embodiment 
2-6 in that the feed screw 1 45 is brought into contact rotatably with the mechan ism chassis 1 47 in a thermally conductive 
state by the metallic bearing 146. 

[0180] This configuration enables the heat accumulated in the optical head cover 133 and the feed screw 145 to be 
transferred to the mechanism chassis 147 and to be radiated, resulting in further enhanced heat transfer and heat 
radiation effects. 

[01 81 ] To add, though in Embodiment 2-7 the metallic bearing 1 46 is used for bringing the feed screw 1 45 into contact 
with the mechanism chassis 1 47, any arrangement in which heat can be transferred and the feed screw 1 45 is rotatable 
can be used. 

[0182] Furthermore, it goes without saying that, if the optical bench 1 16 is made of metal, a configuration in which 
heat is radiated from the jack shaft side to the mechanism chassis 1 47 can as well be used. 
40 [0183] Incidentally, regarding the heat radiation performance of members, the applicability is not limited to examples 
in the above-described embodiments, but out of thermally conductive members, either all or only some of them may 
have heat radiating capability. 



30 



35 



45 



50 



Industrial Applicability 

[0184] As hitherto described, according to the present invention, the efficiency of heat radiation can be substantially 
enhanced and, by substantially enhancing the heat radiation performance of the optical head, its power consumption 
can be reduced to make it possible to realize a disk recording/reproducing apparatus capable of recording/reproducing 
for a long duration. 



Claims 

1 . An optical head comprising: 

55 

a light source for emitting luminous energy recordable on a recording medium, 

a heat radiating section, in contact with said light source, for radiating heat which accompanies the light emis- 
sion thereof, and 
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a resin-made bench for mounting and fixing said elements. 

2. The optical head as set forth in claim 1 , characterized in that said resin-made bench and said heat radiating 
section are formed by integral molding, and a part of said heat radiating section is exposed to space. 

5 

3. The optical head as set forth in claim 1 , characterized in that a threaded part is formed in said heat radiating 
section, one end of said heat radiating section is in contact with the back surface of said light source, tightening 
by said threaded part causes the end of said heat radiating section to support said light source, and 

a part of said heat radiating section is exposed to space. 

10 

4. The optical head as set forth in claim 1 , characterized in that one end of said heat radiating section is in contact 
with the back surface of said light source and the other end of same has a guide section which is in contact with 
a shaft supporting said optical head. 



*5 5. The optical head as set forth in claim 1 , characterized in that one end of said heat radiating section is in contact 
with the back surface of said light source and the other end of same has a spring section for suppressing a shaft 
supporting said optical head. 

6. The optical head as set forth in claim 1 , characterized in that one end of said heal radiating section is in contact 
20 with the back surface of said light source and the other end of same has an engaging section which engages with 

a threaded shaft for supporting and shifting said optical head. 

7. An optical head comprising: 

25 a light source for emitting luminous energy recordable on a recording medium, 

a heat radiating section, in contact with said light source, for radiating heat which accompanies the light emis- 
sion thereof, 

a resin-made bench for mounting and fixing the aforementioned elements, and 
a magnetic head mechanism for applying magnetic field-modulation signals, wherein 
30 one of said heat radiating section is in contact with the back surface of light source and the other of same is 

in contact with a metallic member of said magnetic head mechanism. 

8. The optical head as set forth in claim 7, characterized in that said resin-made bench and said heat radiating 
section are formed by integral molding. 

35 

9. An optical head comprising a light source for generating luminous energy required for recording on a disk-shaped 
information recording medium or reproducing information recorded on said disk-shaped information recording me- 
dium; a radiator plate, in contact with said light source either directly or indirectly, for guiding heat which accom- 
panies the emission of light by said light source; an objective lens which is means for focusing light on said disk- 

40 shaped information recording medium; an objective lens drive unit for driving said objective lens in the focal and 

radial directions of said disk-shaped information recording medium; a light receiving element for receiving light 
reflected from said disk-shaped information recording medium; a sheet-shaped flexible circuit for feeding power 
to said light source and said light receiving element and communicating signals from said light receiving element; 
and an optical bench holding at least said light source, said objective lens drive unit, said radiator plate and said 

45 light receiving element, wherein: 

said radiator plate is brought into contact with a heat transfer section provided in said flexible circuit and, by 
causing said flexible circuit to guide heat from said radiator plate, heat generated by said light source is radiated 
through said flexible circuit and said radiator plate. 



50 10. The optical head as set forth in claim 9, further comprising a thermally conductive optical head cover fixed to said 
optical bench, wherein, by bringing into contact the heat transfer section of said flexible circuit and said optical 
head cover with each other and causing said flexible circuit to guide heat from said radiator plate, heat generated 
by said light source is radiated through said optical head cover. 

55 11. An optical head comprising a light source for generating luminous energy required for recording on a disk-shaped 
information recording medium or reproducing information recorded on said disk-shaped information recording me- 
dium; a radiator plate, in contact with said light source either directly or indirectly, for guiding heat which accom- 
panies the emission of light by said light source; an objective lens which is means for focusing light on said disk- 
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shaped information recording medium; an objective lens drive unit for driving said objective lens in the focal and 
radial direction of said disk-shaped information recording medium; a light receiving element for receiving light 
reflected from said disk-shaped information recording medium; a sheet-shaped flexible circuit for feeding power 
and communicating signals to said light source and said light receiving element; a thermally conductive heat trans- 
fer member; an optical bench for holding at least said light source, said objective lens drive unit, said radiator plate, 
said light receiving element and said heat transfer member; and a thermally conductive optical head cover fixed 
to said optical bench, wherein: 

said radiator plate and said heat transfer member are brought into contact with each other, said heat transfer 
member is caused to guide heat from said radiator plate and, by bringing into contact said heat transfer member 
and said optical head cover with each other, heat generated by said light source is radiated by said light source 
through said optical head cover, said heat transfer member and said radiator plate. 

12. An optical head comprising a light source for generating luminous energy required for recording on a disk-shaped 
information recording medium or reproducing information recorded on said disk-shaped information recording me- 
dium; a heat radiating section, in contact with said light source, for guiding heat which accompanies the emission 
of light by said light source; an objective lens which is means for focusing light on said disk-shaped information 
recording medium; an objective lens drive unit for driving said objective lens in the focal and radial direction of said 
disk-shaped information recording medium; a light receiving element for receiving light reflected from said disk- 
shaped information recording medium; a sheet-shaped flexible circuit for feeding power to said light source and 
said light receiving element and communicating signals from said light receiving element; a thermally conductive 
heat transfer member; an optical bench for holding at least said light source, said objective lens drive unit, and 
said heat transfer member, said radiator plate and said light receiving element; and a thermally conductive optical 
head cover fixed to said optical bench, wherein: 

said radiator plate is brought into contact with a heat transfer section provided in said flexible circuit to cause 
said flexible circuit to guide heat from said radiator plate; heat generated by said light source is radiated through 
said optical head cover, said flexible circuit and said radiator plate by bringing into contact said the heat transfer 
section of said flexible circuit and said optical head cover with each other; said radiator plate and said heat transfer 
member are brought into contact with each to cause said heat transfer member to guide heat from said radiator 
plate; and by bringing into contact said heat transfer member and said optical head cover with each other, heat 
generated by said light source is radiated through said optical head cover and said heat transfer member. 

13. The optical head as set forth in claim 12, characterized in that said radiator plate and the heat transfer section 
of said flexible circuit are brought into contact with each other, and said heat transfer member applies preloading 
on the contacting part of said heat transfer section and said radiator plate. 

14. The optical head as set forth in any of claims 9 through 12 : characterized in that said light receiving element is 
formed over a silicon substrate; said light source is fixed to said light receiving element in a thermally conductive 
state; and said radiator plate holds said light receiving element, fixes said light receiving element in a thermally 
conductive state and has a heat transfer function. 

15. The optical head as set forth in any of claims 9 through 12, characterized in that a heat transfer material having 
thermal conductivity or both thermal conductivity and electrical conductivity intervenes between said radiator plate 
and the heat transfer section of said flexible circuit. 

16. An optical head feed apparatus for feeding an optical head, said optical head having a light source for generating 
luminous energy required for recording on a disk-shaped information recording medium or reproducing information 
recorded on said disk-shaped information recording medium; a radiator plate, in contact with said light source 
either directly or indirectly, for guiding heat which accompanies the emission of light by said light source; a light 
receiving element for receiving light reflected from said disk-shaped information recording medium; asheet-shaped 
flexible circuit for feeding power to said light source and said light receiving element and communicating signals 
from said light receiving element; an optical bench for holding at least said light source, said radiator plate and 
said light receiving element; and a thermally conductive optical head cover fixed to said optical bench, 

in which said radiator plate and the heat transfer member provided in said flexible circuit are brought into 
contact with each other, said flexible circuit is caused to guide heat from said radiator plate and, by bringing into 
contact the heat transfer member of said flexible circuit and said optical head cover with each other, heat generated 
by said light source is radiated through said light source through said optical head cover, said flexible circuit and 
said radiator plate, 

characterized in that said optical head feed apparatus comprises a feed nut fixed to said optical head cover 
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and having thermal conductivity; and a thermally conductive feed screw, fitted into said feed nut, for driving said 
optical head by rotating in the radial direction of said disk-shaped information recording medium, and 

said optical head cover and said feed nut are either integrally configured or brought into contact with each 
other in a thermally conductive state thereby to transfer heat generated by said light source and transferred to said 
optical head cover to said feed screw through said feed nut and to radiate it. 

17. An optical head feed apparatus for feeding an optical head, said optical head having a light source for generating 
luminous energy required for recording on a disk-shaped information recording medium or reproducing information 
recorded on said disk-shaped information recording medium; a radiator plate, in contact with said light source 
either directly or indirectly, for guiding heat wtiich accompanies the emission of light by said light source; an ob- 
jective lens which is means for focusing light on said disk-shaped information recording medium; an objective lens 
drive unit for driving said objective lens in the focal and radial direction of said disk-shaped information recording 
medium; a light receiving element for receiving light reflected from said disk-shaped information recording medium; 
a sheet-shaped flexible circuit for feeding power and communicating signals to said light source and said light 
receiving element; a thermally conductive heat transfer member; an optical bench for holding at least said light 
source, said objective lens drive unit, said radiator plate, said light receiving element and said heat transfer member; 
and a thermally conductive optical head cover fixed to said optical bench, 

said radiator plate and said heat transfer member are brought into contact with each other, said heat transfer 
member is caused to guide heat from said radiator plate and, by bringing into contact said heat transfer member 
and said optical head cover with each other, heat generated by said light source is radiated by said light source 
through said optical head cover, said heat transfer member and said radiator plate, 

characterized in that said optical head feed apparatus comprises a feed nut fixed to said optical head cover 
and having thermal conductivity; and a thermally conductive feed screw, fitted into said feed nut, for driving said 
optical head by rotating in the radial direction of said disk-shaped information recording medium, and 

said optical head cover and said feed nut are either integrally configured or brought into contact with each 
other in a thermally conductive state thereby to transfer heat generated by said light source and transferred to said 
optical head cover to said feed screw through said feed nut and to radiate it. 

18. An optical head feed apparatus for feeding an optical head, said optical head having a light source for generating 
luminous energy required for recording on a disk-shaped information recording medium or reproducing information 
recorded on said disk-shaped information recording medium; a radiator plate, in contact with said light source 
either directly or indirectly, for guiding heat which accompanies the emission of light by said light source; an ob- 
jective lens which is means for focusing light on said disk-shaped information recording medium; an objective lens 
drive unit for driving said objective lens in the focal and radial direction of said disk-shaped information recording 
medium; a light receiving element for receiving light reflected from said disk-shaped information recording medium; 
a sheet-shaped flexible circuit for feeding power and communicating signals to said light source and said light 
receiving element; a thermally conductive heat transfer member; and an optical bench for holding at least said 
light source, said objective lens drive unit, said radiator plate, said light receiving element and said heat transfer 
member, 

characterized in that said optical head feed apparatus comprises a thermally conductive feed nut; and a 
thermally conductive feed screw, fitted into said feed nut, for driving said optical head by rotating in the radial 
direction of said disk-shaped information recording medium, and 

said heat transfer member and said feed nut are either integrally configured or brought into contact with each 
other in a thermally conductive state thereby to transfer heat generated by said light source and transferred to said 
heat transfer member to said feed screw through said feed nut and to radiate it. 

19. The optical head as set forth in any of claims 9 through 12, characterized in that a GND line formed in said light 
receiving element is connected to said radiator plate to set the potential of said radiator plate to GND, said radiator 
plate is brought into contact with the GND line of said flexible circuit or said heat transfer section, and said optical 
head cover and the GND line of said flexible circuit or said heat transfer section are also brought into contact with 
each other to set the potential of the optical head cover to GND. 

20. The optical head feed apparatus as set forth in any of claim 1 6, 1 7 or 1 8, characterized in that a GND line formed 
in said light receiving element is connected to said radiator plate to set the potential of said radiator plate to GND, 
said radiator plate is brought into contact with the GND line of said flexible circuit or said heat transfer section, and 
said optical head cover and the GND line of said flexible circuit or said heat transfer section are also brought into 
contact with each other to set the potential of the optical head cover to GND. 
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Cement .s connected to said radiator plate to set the potential of said radiator plate to GND, said radiator pfate * 
b ought ,nto contact with said heat transfer member, and said optica, head cover and said heat transfer member 
s are also brought into contact with each other to set the potential of the optical head cover to GND. 

22 Jn!^v C t f6ed f Ppara,us as set ,orth in a "V of <*•"" 17 or 18, characterized in that a GND line formed 
.T" 9 ! T ,S COnnected to said radiator Ptate to set the potential of said radiator plate to 
said ad.a tor plate .s brought into contact with said heat transfer member, and said optical head cover Z I said 

to GND m alS ° br ° U9ht int ° C ° nteCt With 6aCh ° th6r 10 Set the potentia ' of the 0P«cal head coX 

23. The optical head as set forth in any of claims 9 through 12, characterized in that said optical bench is made of 
metal, and the heat of said optical head cover is also radiated by said optical bench. 

24 ' IlTf 1 apparatus as set forth in a "V of o'aim 1 6, 1 7 or 1 8, characterized in that said optical bench 
is made of metal, and the heat of said optical head cover is also radiated by said optical bench. 

25 ' If h meta| Cal " ^ ^ ° f C ' aimS 9 thr ° U9h 12 ' characterized «"at said optical bench is not made 
26 ' l h ZTatTne^ 3PParatUS " f ° rth " ° f C ' aim 1 6 " 1 7 ° r 1 * cha -oterized in that said optica, bench 

27 ' meirandt^ Z 7 **" 9 ^ characteri ~<* in that said optica, bench is made of 

metal, and the heat of sa.d optical head cover not only is radiated by said optical bench but also is transferred 
through said optical bench to said feed screw and radiated. transferred 

28. The optical head feed apparatus as set forth in any of Cairn 1 6, 1 7 or 1 8, characterized in that said optical bench 

trZZ^i T ' ? 6 ""I ° f S3id ^ C0V6r n0t OB * iS radiated ^ said optica, bench'but ateo is 
transferred through said optical bench to said feed screw and radiated. 

29. The optical head feed apparatus as set forth in any of claim 16, 17 or 18, characterized in that said feed screw 
,s rotatably held by a meta.-made optica, head feed chassis, and said feed screw and ^SSI^cSZ 

1 . (Canceled) 

2. (Canceled) 

3 " n^d a um ended) A " ° PtiCa ' C ° mpriSing 3 ,ight source for emittin S luminous energy recordable on a recording 
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a heat radiating section wherein a threaded part is formed, one end of said heat radiating section is in contact 
with the back surface of said light source, tightening by said threaded part causes the end of S nTa MM 

TreS IT" *"* ^ M m " ° f Said ^ ^ is «P~ed to sp" ce and 

a resin-made bench for mounting and fixing the aforementioned elements. 

mtd^m ended) An ° PtiCa ' C ° mpriSing 3 ,i9ht SOUrce for emlttin 9 "™™us energy recordable on a recording 



55 



5. 



a heat radiating section of which one end is in contact with the back surface of said light source and the other 
end is composed of a guide section which is in contact with a shaft supporting said optical head, and 
a resin-made bench for mounting and fixing the aforementioned elements. 

^amended) An optica, head comprising a light source for emitting luminous energy recordable on a recording 
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a heat radiating section of which one end is in contact with the back surface of said light source and the other 
end is composed of a spring section for pressing a shaft supporting said optical head, and 
a resin-made bench for mounting and fixing the aforementioned elements. 

5 6. (As amended) An optical head comprising a light source for emitting luminous energy recordable on a recording 
medium, 

a heat radiating section of which one end section is in contact with the back surface of said light source and 
the other end has an engaging section which engages with a threaded shaft for supporting and shifting said 
10 optical head, and 

a resin-made bench for mounting and fixing the aforementioned elements. 

7. An optical head comprising: 
a light source for emitting luminous energy recordable on a recording medium, 

a heat radiating section, in contact with said light source, for radiating heat which accompanies the light emis- 
sion thereof, 

a resin-made bench for mounting and fixing the aforementioned elements, and 
a magnetic head mechanism for applying magnetic field-modulation signals, wherein 

one of said heat radiating section is in contact with the back surface of light source and the other of same is 
in contact with a metallic member of said magnetic head mechanism. 

8. The optical head as set forth in claim 7, characterized in that said resin-made bench and said heat radiating 
section are formed by integral molding. 

25 

9. (As amended) An optical head comprising a light source for generating luminous energy required for recording on 
a disk-shaped information recording medium or reproducing information recorded on said disk-shaped information 
recording medium; a radiator plate, in contact with said light source either directly or indirectly, for guiding heat 
which accompanies the emission of light by said light source; an objective lens which is means for focusing light 

30 on said disk-shaped information recording medium; an objective lens drive unit for driving said objective lens in 

the focal and radial directions of said disk-shaped information recording medium; a light receiving element for 
receiving light reflected from said disk-shaped information recording medium; a sheet-shaped flexible circuit for 
feeding power to said light source and said light receiving element and communicating signals from said; light 
receiving element, and having a heat transfer and heat radiating section either on the surface or inside; and an 

35 optical bench holding at least said light source, said objective lens drive unit, said radiator plate and said light 

receiving element, 

characterized in that said radiator plate is brought into contact with a heat transfer section provided in said 
flexible circuit and, by causing said flexible circuit to guide heat from said radiator plate, heat generated by said 
light source is radiated through said flexible circuit and said radiator plate. 

40 

10. The optical head as set forth in claim 9, further comprising a thermally conductive optical head cover fixed to said 
optical bench, wherein, by bringing into contact the heat transfer section of said flexible circuit and said optical 
head cover with each other and causing said flexible circuit to guide heat from said radiator plate, heat generated 
by said light source is radiated through said optical head cover. 

45 

11. An optical head comprising a light source for generating luminous energy required for recording on a disk-shaped 
information recording medium or reproducing information recorded on said disk-shaped information recording me- 
dium; a radiator plate, in contact with said light source either directly or indirectly, for guiding heat which accom- 
panies the emission of light by said light source; an objective lens which is means for focusing light on said disk- 

50 shaped information recording medium; an objective lens drive unit for driving said objective lens in the focal and 

radial direction of said disk-shaped information recording medium; a light receiving element for receiving light 
reflected from said disk-shaped information recording medium; a sheet-shaped flexible circuit for feeding power 
and communicating signals to said light source and said light receiving element; a thermally conductive heat trans- 
fer member; an optical bench for holding at least said light source, said objective lens drive unit, said radiator plate, 

55 said light receiving element and said heat transfer member; and a thermally conductive optical head cover fixed 

to said optical bench, wherein: 

said radiator plate and said heat transfer member are brought into contact with each other, said heat transfer 
member is caused to guide heat from said radiator plate and, by bringing into contact said heat transfer member 



15 



20 



21 

BNSDOCID: <EP 1 148482A1_I_> 



EP 1 148 482 A1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



mmmm 

tmwmmm 

15. The optical head as set forth in any of claims 9 through 12 characterized in that * h^ot ^ * 
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either directly or indirectly, for guiding heat which accompanies the emission of light by said light source; an ob- 
jective lens which is means for focusing light on said disk-shaped information recording medium; an objective lens 
- * drive unit for driving said objective lens in the focal and radial direction of said disk-shaped information recording 

medium; a light receiving element for receiving light reflected from said disk-shaped information recording medium; 
5 a sheet-shaped flexible circuit for feeding power and communicating signals to said light source and said light 

receiving element; a thermally conductive heat transfer member; an optical bench for holding at least said light 
source, said objective lens drive unit, said radiator plate, said light receiving element and said heat transfer member; 
and a thermally conductive optical head cover fixed to said optical bench, 

said radiator plate and said heat transfer member are brought into contact with each other, said heat transfer 
10 member is caused to guide heat from said radiator plate and, by bringing into contact said heat transfer member 

and said optical head cover with each other, heat generated by said light source is radiated by said light source 
through said optical head cover, said heat transfer member and said radiator plate, 

characterized in that said optical head feed apparatus comprises a feed nut fixed to said optical head cover 
and having thermal conductivity; and a thermally conductive feed screw, fitted into said feed nut, for driving said 
15 optical head by rotating in the radial direction of said disk-shaped information recording medium, and 

said optical head cover and said feed nut are either integrally configured or brought into contact with each 
. other in a thermally conductive state thereby to transfer heat generated by said light source and transferred to said 
optical head cover to said feed screw through said feed nut and to radiate it. 



20 18. An optical head feed apparatus for feeding an optical head, said optical head having a light source for generating 
luminous energy required for recording on a disk-shaped information recording medium or reproducing information 
recorded on said disk-shaped information recording medium; a radiator plate, in contact with said light source 
either directly or indirectly, for guiding heat which accompanies the emission of light by said light source; an ob- 
jective lens which is means for focusing light on said disk-shaped information recording medium; an objective lens 

25 drive unit for driving said objective lens in the focal and radial direction of said disk-shaped information recording 

medium; a light receiving element for receiving light reflected from said disk-shaped information recording medium; 
a sheet-shaped flexible circuit for feeding power and communicating signals to said light source and said light 
receiving element; a thermally conductive heat transfer member; and an optical bench for holding at least said 
light source, said objective lens drive unit, said radiator plate, said light receiving element and said heat transfer 

30 member, 

characterized in that said optical head feed apparatus comprises a thermally conductive feed nut; and a 
thermally conductive feed screw, fitted into said feed nut, for driving said optical head by rotating in the radial 
direction of said disk-shaped information recording medium, and 

said heat transfer member and said feed nut are either integrally configured or brought into contact with each 
35 other in a thermally conductive state thereby to transfer heat generated by said light source and transferred to said 

heat transfer member to said feed screw through said feed nut and to radiate it. 



19. The optical head as set forth in any of claims 9 through 12, characterized in that a GND line formed in said light 
receiving element is connected to said radiator plate to set the potential of said radiator plate to GND, said radiator 
plate is brought into contact with the GND line of said flexible circuit or said heat transfer section, and said optical 
head cover and the GND line of said flexible circuit or said heat transfer section are also brought into contact with 
each other to set the potential of the optical head cover to GND. 

20. The optical head feed apparatus as set forth in any of claim 1 6, 1 7 or 1 8, characterized in that a GND line formed 
in said light receiving element is connected to said radiator plate to set the potential of said radiator plate to GND, 
said radiator plate is brought into contact with the GND line of said flexible circuit or said heat transfer section, and 
said optical head cover and the GND line of said flexible circuit or said heat transfer section are also brought into 
contact with each other to set the potential of the optical head cover to GND. 

21 . The optical head as set forth in any of claim 1 1 or 1 2, characterized in that a GND line formed in said light receiving 
element is connected to said radiator plate to set the potential of said radiator plate to GND, said radiator plate is 
brought into contact with said heat transfer member, and said optical head cover and said heat transfer member 
are also brought into contact with each other to set the potential of the optical head cover to GND. 

22. The optical head feed apparatus as set forth in any of claim 17 or 18, characterized in that a GND line formed 
in said light receiving element is connected to said radiator plate to set the potential of said radiator plate to GND, 
said radiator plate is brought into contact with said heat transfer member, and said optical head cover and said 
heat transfer member are also brought into contact with each other to set the potential of the optical head cover 
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23 ' me^nnln^ a f T f0fth in ° f C ' aimS 9 throU9h 12 < ^aracterized in that said optical bench is made of 
metal, and the heat of said optical head cover is also radiated by said optical bench. 

24. The optical head feed apparatus as set forth in any of claim 16 1 7 or 1 8 characterized in that c aM ™, , k , 
is made of metal, and the heat of said optica, head cover is also Z^^S^^^ ^ ^ 

25 ' Ifmeta! 03 ' " ~ *"* " ^ °' C ' aimS 9 thr ° Ugh 12 ' ch «-cterized in that said optica, bench is no, made 
26 is^maTof mIS d " ** ^ * "* " C,aim 1 »• 1 7 * characterized in that said optica, bench 

29. The optical head feed apparatus as set forth in any of claim 1 6, 1 7 or 1 8 characterized in that ««,h i^m 
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Fig. I 
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Fig. 5 
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Fig. 8 
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Fig. 9 
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Fig. 10 (a) 
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Fig. II (a) 
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Fig. 12 (a) 
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Fig. 15 (a) 
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Fig. 16(a) 
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